. Aspirin plus dipyridamole significantly (p=0.017) reduced the occlusion rate of distal anastomoses from 18% (placebo) to 12.9%. Occlusion rate in the aspirin group was 14%, which approached statistical significance (p=0.058). Furthermore, only aspirin plus dipyridamole reduced (p=0.01) the number of patients with occluded grafts (placebo, 33%; aspirin, 27.1%; aspirin plus dipyridamole, 24.3%). Mediastinal drainage was slightly higher (p=0.04) in the aspirin plus dipyridamole group (713±456 ml) than in the other two groups (placebo, 670±437 ml; aspirin, 629±337 ml), but hospital mortality (average, 4.6%) and early reoperation (average, 3.9o) rates were similar among the three groups. Thus, low-dose aspirin plus dipyridamole safely improves early saphenous vein aortocoronary graft patency; this effect is an added benefit to a preoperative regimen of dipyridamole. (Circulation 1990;82:765-773) T he results of several controlled trials have demonstrated that platelet-inhibiting drugs may prevent early aortocoronary vein graft occlusion"2; however, some questions such as the optimal combination and doses of antiaggregant agents remain undetermined.3 Because large doses of aspirin prevent the production of thromboxane A2 but also inhibit the formation of the wall vessel antiaggregant prostacyclin, it has been suggested that a lower dose of aspirin may improve both clinical efficacy and tolerance.45 However, the clinical benefit of such low doses on graft patency has not yet been proved in a large-scale clinical trial.
To analyze the efficacy of low-dose aspirin in preventing early aortocoronary vein graft occlusion, 1,112 consecutive patients were enrolled in a multicenter, randomized, double-blind, placebo-controlled trial comparing 50 mg t.i.d. aspirin, 50 mg aspirin plus 75 mg t.i.d. dipyridamole, and placebo. All patients received 100 mg q.i.d. dipyridamole for 48 hours before surgery, and assigned treatment was started 7 hours after surgery. Vein graft angiography was performed in 927 patients (83%) within 28 days of surgery (mean, 10 days). Aspirin plus dipyridamole significantly (p=0.017) reduced the occlusion rate of distal anastomoses from 18% (placebo) to 12 .9%. Occlusion rate in the aspirin group was 14%, which approached statistical significance (p=0.058). Furthermore, only aspirin plus dipyridamole reduced (p=0.01) the number of patients with occluded grafts (placebo, 33%; aspirin, 27.1%; aspirin plus dipyridamole, 24.3%). Mediastinal drainage was slightly higher (p=0.04) in the aspirin plus dipyridamole group (713±456 ml) than in the other two groups (placebo, 670±437 ml; aspirin, 629±337 ml), but hospital mortality (average, 4.6%) and early reoperation (average, 3.9o) rates were similar among the three groups. Thus, low-dose aspirin plus dipyridamole safely improves early saphenous vein aortocoronary graft patency; this effect is an added benefit to a preoperative regimen of dipyridamole. (Circulation 1990; 82:765-773) T he results of several controlled trials have demonstrated that platelet-inhibiting drugs may prevent early aortocoronary vein graft occlusion"2; however, some questions such as the optimal combination and doses of antiaggregant agents remain undetermined.3 Because large doses of aspirin prevent the production of thromboxane A2 but also inhibit the formation of the wall vessel antiaggregant prostacyclin, it has been suggested that a lower dose of aspirin may improve both clinical efficacy and tolerance.45 However, the clinical benefit of such low doses on graft patency has not yet been proved in a large-scale clinical trial.
The timing of antiplatelet treatment has also been a matter of controversy. Previous experimental and clinical studies suggest that because endothelial graft damage begins during vein extraction and manipulation, the best therapeutic regimen to prevent graft occlusion is the preoperative administration of dipyridamole followed soon after surgery by antiplatelet drug therapy.6-8 However, there is no evidence that postoperative treatment adds further benefit when the patient has received antiplatelet drugs before surgery. Of the 1,149 patients who entered the study, 1,112 were randomized to receive aspirin, aspirin plus dipyridamole, or placebo according to a randomization code determined at the coordinating center. To ensure the comparability of the treatment groups, the randomization was performed separately for each institution with the block method. Thus, at the end of each block of 60 patients under treatment, an equal number of patients (20) had been assigned to each treatment in that particular institution. The criteria for not randomizing the remaining patients were intraoperative death (26), angina attributed to preoperative dipyridamole (seven), and early bleeding (four). Protocol All patients received 100 mg q.i.d. dipyridamole orally beginning 48 hours before surgery, the last dose administered at 6:00 AM on the day of surgery. One hour after surgery, 100 mg dipyridamole was given via a nasogastric tube that was clamped for 90 minutes. Patients were then randomized into three groups, and the treatment began, via the nasogastric tube, 7 hours after surgery. Beginning on the day after surgery, patients received three times a day in a double-blind fashion a capsule containing either 50 mg aspirin, 50 mg aspirin plus 75 mg dipyridamole, or placebo. Aspirin was administered in a three-time-a-day dosing schedule to effect convenient administration together with dipyridamole three times a day. Previous research has shown that at this particular dose and schedule, aspirin inhibits both in vitro platelet aggregation and thromboxane release.9 Drugs and placebo were provided by Boehringer Ingelheim SA, Barcelona, Spain, in individual kits containing 28-day supplies (preestablished maximal length of follow-up). At each hospital, drug compliance was checked daily by one of the investigators through patient interview and review of the charted medications.
The study protocol was approved by the ethics committee of each institution and by the National Committee for Clinical Trials. When the protocol was designed, the inclusion of a placebo group was considered to be ethical because no definitive data were available in the literature concerning benefits of postoperative antiaggregant treatment after patients receive preoperative antiplatelet drugs.
Surgical Procedure
No attempt was made to establish a uniform surgical protocol; saphenous vein grafts were implanted according to institution's usual technique. Although internal mammary artery grafts were implanted in some patients, only saphenous vein grafts are considered for this study. Calibrated probes were used to assess the diameter of the grafted artery. Among hospitals, the number of distal anastomoses per patient averaged 2.4 and ranged from 1.9 to 3.2 and the number of vein grafts per patient averaged 2.03 and ranged from 1.8 to 2.4. Anticoagulants were not used. Both total blood loss through chest tubes and transfusion requirements were recorded for each patient.
Coronaty Angiography
Preoperative angiograms were analyzed at each institution by the principal investigators to determine percent stenosis and quality of distal vessels. Ejection fraction was computed from 300 right anterior oblique angiograms.
A graft was considered occluded when the occluded origin was selectively visualized or when the origin could not be visualized and the contrast material failed to flow through the graft into the grafted artery on the aortic root injection. A distal anastomosis was considered occluded if the entire vein graft was occluded at the origin or the contrast agent failed to flow from the vein graft into the grafted artery. For the purpose of this study, graft patency and occlusion refer to patency and occlusion of distal anastomoses.
A randomly selected sample constituting 10% of all preoperative and postoperative angiograms was examined independently by two qualified cardiovascular angiographers at the coordinating center. There was complete agreement among the independent reviewers and the participating institutions regarding the classification of occluded and patent grafts.
Data Management and Statistical Analysis
All data were recorded on specially designed, computerized forms and sent to the coordinating center for review, storage, and analysis. Definitions were established in advance for each variable. The study protocol has been reported in the Registry of Prospective Trials of the International Committee on Haemostasis and Thrombosis10; the patient forms and the protocol are available on request. The coordinating center regularly reviewed the otherwise confidential interim results.
The number of patients required for the trial (290 per group) was calculated in advance to detect a 50% reduction in the risk of occlusions, assuming that 25% of the patients in the control group would have one or more occluded grafts and specifying an a error of 5% (two-sided) and a M3 error of 10%. Because there is no agreement in previous studies concerning whether patency and occlusion of distal anastomoses within the same patient are dependent events,'12,8 a test of independence was performed by X2 analysis" in which patency and occlusion of distal anastomoses within patients were compared. The results showed that these are dependent events (x2, 1,152; p<0.0001), and therefore the cluster form of analysis is considered the most appropriate.212 Thus, graft patency data were analyzed by the cluster sampling approach, which assumes that occlusion or patency of distal anastomoses within the same patient are dependent events so patients can be considered to represent clusters of distal anastomoses (see "Appendix"),2"12 and by comparison of the proportion of patients with at least one occluded graft.
In addition, a stepwise logistic regression analysis was also applied to patency data; the occlusion or patency of distal anastomoses was considered the dependent variable. Independent variables included both graft-and patient-specific characteristics as well as a dichotomous variable that indicated whether the administered therapy was aspirin, aspirin plus dipyridamole, or placebo. Although this technique assumes that patency or occlusion of grafts in a patient are independent events, it allows for adjustment of possible imbalances of the treatment groups and testing of whether a particular variable contributes with a significant amount of information toward predicting graft occlusion, while also adjusting for the effect of other variables in the model. This type of analysis allows calculation of the odds ratio, an estimate of the risk of occlusion of grafts in each treatment group relative to that in the placebo group while all other covariates remain constant.
Results

Patient Data
Of the 1,647 eligible patients, 1,112 were randomized. Patients included in the study were comparable to those excluded with regard to most of the recorded variables; however, excluded patients had a significantly higher prevalence of peripheral vascular disease (17.6% versus 12.6%, p<0.005), rest angina (31.1% versus 21.7%,p<0.0001), angina during the 48 hours before surgery (29.9% versus 23.6%,p<0.005), and history of congestive heart failure (7.7% versus 3.2%, p<0.001).
Of the 1,112 patients, 927 underwent postoperative vein graft angiography; 185 patients were excluded because of death (27), patient refusal (50), drug intolerance (26), complications (69), and protocol deviation (13) . Table 1 summarizes the baseline characteristics of the study population. There were no statistically significant differences with respect to any of the studied variables (including clinical, angiographic, and surgical characteristics) among the treatment groups. There also were no differences in the timing of postoperative angiography relative to surgery.
Patency Data
Occlusion rate per graft. The vein graft occlusion rate (distal anastomoses) was 18% for the placebo group compared with 14.2% and 12.9% for the aspirin and aspirin plus dipyridamole groups, respectively. Differences between aspirin plus dipyridamole and placebo groups achieved statistical significance (p=0.017). The comparison between aspirin and placebo groups showed a trend toward significance with ap value of 0.058 ( Figure 1 and Table 2 ). plus dipyridamole than in the placebo group (24.3% versus 33%,p<0.01). Conversely, neither differences between the aspirin and the placebo groups nor differences between both groups of active treatment achieved statistical significance (Figure 2 ).
Complications and drug intolerance. Blood loss through the chest tube was slightly but significantly (p=0.04) higher in the aspirin plus dipyridamole group (713+±456 ml) than in the other two groups (placebo, 670±437 ml; aspirin, 629±337 ml). There were no differences among the three groups in total blood transfused (1,247+801, 1,174±681, and 1,265+±798 ml, respectively) or reoperation rate (4.5%, 3 .3%, and 4%, respectively).
The intraoperative mortality rate was 2.3%. The efficacy of the aspirin plus dipyridamole treatment used in the present study was evident, regardless of the type of statistical analysis performed (i.e., cluster analysis or considering the number of patients with occluded grafts). Furthermore, the logistic regression analysis selected the antiaggregant treatment as an independent predictor of early graft patency. These results are comparable to those previously observed in several trials using larger doses of aspirin in combination with dipyridamole. Conversely, the administration of aspirin alone at a dose of 50 mg t.i.d. had a less pronounced effect on graft patency. The patency rate of distal anastomoses showed a trend toward significance among patients receiving aspirin compared with those receiving placebo (p=0.058). When comparing the proportion of patients with occluded grafts in each group, the differences did not achieve statistical significance. For any type of analysis and for any subgroup of patients, the effect of aspirin administered alone was intermediate between that of placebo and that of aspirin plus dipyridamole (Table 2) . However, the differences between both groups receiving active treatment were small and did not achieve statistical significance. These data, along with the results of multivariate analysis ( Table 3 ), suggest that at the doses used in the present investigation, aspirin has some effect on early graft patency; this effect is modest and can be potentiated by the addition of dipyridamole. These results differ from those obtained by Lorenz et al,20 who found that 100 mg aspirin was effective in preventing graft occlusion 4 months after aortocoronary bypass surgery. However, Complications and Side Effects As expected, the association of both antiaggregant drugs caused a small but significant increase in the chest tube blood loss. However, there were no differences among the three groups in either the reoperation rate or the number of bleeding complications. Although conclusions cannot be drawn by comparing different studies in which the methodologies and the surgical techniques can vary widely, it is worthwhile to point out that the mean chest tube drainage over 24 hours in patients receiving aspirin (629 ml) and aspirin plus dipyridamole (713 ml) in our series compares favorably with that observed in the Mayo Clinic study of patients receiving aspirin plus dipyridamole (613 ml in 12 hours)' and that of patients in the Veterans Administration Cooperative Study (1,000 ml in 35 hours).2 These differences may well be explained by the use of lower doses of aspirin in the present study as well as by the fact that only dipyridamole was administered preoperatively to avoid the excessive bleeding associated with aspirin.
Study Characteristics and Limitations
The present study is the largest published trial comparing antiplatelet drug regimens for the prevention of early aortocoronary bypass occlusion. The large number of patients included in the study and the type of randomization allowed for excellent comparability of the treatment groups, not only of patient baseline variables but also of most of the graft characteristics known to be independent risk factors for occlusion. Thus, the diameter of the distal vessel, the quality of the distal arterial bed, the recipient artery, and the type of graft were evenly distributed among the three groups.
Female patients constituted 11% of the study population, a percentage similar to that of the Mayo Clinic series'; some studies excluded women. 2 Sixty percent of all grafted arteries in the present series had luminal diameters less than 1.5 mm, a far greater proportion than the 26-29% observed in other trials.12 Ethnic variations in body size may account for these differences. All of these factors may also explain the slightly lower overall graft patency compared with previous studies.1 "2 There are some potential limitations of our study. Because the protocol called for a complete 48-hour period of preoperative treatment with dipyridamole, patients undergoing emergency surgery were not included. Although this obviously determined selection of patients, randomization was carried out once the surgical procedure had been accomplished and therefore could not determine imbalance among the groups. A high proportion of patients (83%) entering the study were restudied regardless of symptoms. The number as well as the causes of excluded patients were equally distributed among the three groups, making a selection bias unlikely. In any case, our final population represents 57% of the patients undergoing coronary artery bypass grafting in the six participating institutions during the time frame of the study, a figure that compares favorably with other major trials (22% and 15%).1,2
Finally, in contrast with other series, vein graft angiograms were obtained in all patients within the first month after surgery. Thus, the observed beneficial effect of antiplatelet therapy depends on the ability of these drugs to prevent both the deposition of platelets and the thrombosis that occur soon after surgery. However, recently published data from the Veterans Administration Cooperative Study2' suggest that the major benefit of antiplatelet treatment is achieved soon after surgery. In that study, the frequency of new occlusions in the patients with patent grafts at 9 days was not reduced by aspirin administration during the subsequent year.21 These results differ from those recently published by Pfisterer et a122 showing that withdrawal of active treatment after 3 months seems to lead to an increased rate of graft occlusion. Thus, long-term antiaggregant treatment after saphenous vein coronary artery bypass grafting may be justified.
Clinical Implications
Coronary artery bypass surgery is the most frequently performed cardiac surgical procedure. Internal mammary artery grafts have been considered the preferred graft because they have excellent long-term patency rates. 23 However, widespread use of saphenous vein continues because of the limitations in the use of the internal mammary, such as the excessive time needed for dissection and the fact that in patients with multiple-vessel disease there is insufficient material for grafting. In this regard, a recent British survey reported by Angelini and Newby24 has shown that approximately two thirds of the grafts to the left anterior descending coronary artery were made with the internal mammary artery but only 4% of the grafts to the circumflex or right coronary arteries were so made. Therefore, improving saphenous vein graft patency rates remains a major challenge.
The results of multivariate analysis show that the size of the grafted artery, the quality of the distal vessel, and the type of graft are the main determinants of early patency, suggesting that the adequate selection of both patients and surgical technique are of paramount importance in determining the surgical outcome. However, this prospective randomized trial also demonstrates that an antiplatelet drug regimen consisting of the combination of low-dose aspirin plus dipyridamole started soon after surgery safely improves early saphenous vein graft patency. It The ratio estimate applied to cluster sampling is a statistical analysis used to handle the lack of independence observed in the number of occluded distal anastomoses within the same patient.2'11 In this sense, patients enrolled in the study are considered to represent clusters of distal anastomoses.
With this method, the percentage of occluded distal anastomoses in each treatment group is calculated as usual, the difference being in the estimation of the variance of this proportion (ratio estimate).
The latter tends to be slightly larger than the variance under the assumption that the occlusion of distal anastomoses within the same patient are independent events. This variance is estimated as: where V is variance, p is the percentage of occluded distal anastomoses, N is the total number of distal anastomoses in the sample, m is the mean number of distal anastomoses in the patients, ai is the number of occluded distal anastomoses in each individual patient, mi is the total number of distal anastomoses in each individual patient, and n is the total number of patients. Because of this larger variance, the cluster sampling method is more conservative than the standard X2 test used when distal anastomoses within patients are assumed to act independent of patency or occlusion. Consequently, this method tends to find fewer statistical significances when comparing betweengroup differences than the standard x2 test.
